Introduction
There are many problems bedeviling most of the African countries that require holistic and urgent attention, and one of them is the proliferation and circulation of substandard and falsified medicines (SFM). This has grossly affected the healthcare systems and treatment outcomes in the African continent. The menace of SFM is not receiving adequate attention in the region with regards to decisively abating and tackling it. The United Nations Sustainable Development Goals' Article No. 3.8 . is targeted access to safe, effective, quality, and affordable essential medicines (1, 2) . However, crime and its potential hazardous effects on the health of the public is quite alarming. In January 2017, it was reported that 113 million potentially dangerous and illicit medicines (estimated to be worth €52 million) were seized during an operation called Action Against Counterfeit and Illicit Medicines (ACIM) which was conducted in the African continent in September 2016 (7) . The operation, which lasted 10 days, was jointly organized by the World Customs Organization (WCO) and the International Institute for Research Against Counterfeit Medicines (IRACM), and it involved 16 African customs administrations, with the largest interceptions in Nigeria, Benin Republic, Kenya, and Togo (7) . According to the World Health Organization (WHO), between 2005 and 2010, the sales of SFM increased up to 90%, and the market size surpassed US$75 billion (8) -or between US$70 billion and US$200 billion, according to another source (9) . It is estimated that about 15% of total medicines sold worldwide are SFM (10) . This percentage can be as high as 70% in some parts of Africa and Asia (9) . Asia accounts for the largest volume of the trade of SFM (8) , with China and India being the major sources (3, 11, 12) , and recently Russia became involved (9) . Internet marketing of pharmaceuticals through online chemists has further contributed to the pervasion of SFM (10) . WHO estimates that up to 50% of the medicines being sold on the internet are fake (9) .
Despite the report that a lot of people suffer unnecessarily prolonged illness or become disabled or even die due to lack of adequate access to effective healthcare rather than because of medicine falsification (13) , curbing medicine falsification is still pertinent to effective healthcare delivery. A safe, reliable, effective, qualitative and affordable medicine is essential for quality healthcare delivery, but unfortunately, this is largely missing in nations with weak regulatory bodies (14) , many of them in Africa. This prompted the call for strengthening the drug regulatory systems, especially in the African continent. Poor-quality medicines lead to a compromise in the therapy of chronic and infectious diseases, which, in turn, could result in drug resistance, worsening of the disease, and ultimately death (5) . A strong drug regulatory system is required to overcome the menace of SFM and its consequences (15) .
The problem of SFM is not limited to African continent alone; it is a global phenomenon that has spread to even highly regulated countries in Europe and America (16) . This emphasizes the need for sound collaborative efforts between the national drug regulatory authorities in Africa and the rest of the world, along with the WHO, nation states' governments, pharmacies, pharmaceutical manufacturers, enforcement agencies (e.g. Police, Customs, Immigration), legitimate drug supply organizations and nongovernmental organizations (NGOs), in order to effectively fight the menace of SFM by disrupting its supply chains and bringing the culprits to justice, as well as preventing the medicines from reaching the innocent patients (13, 17, 18) .
However, it is worth mentioning that there have been commendable increased efforts in Africa to counter the menace of SFM in recent years by both national and international regulatory agencies. The inter-governmental operations that led to the seizures of counterfeit and illicit medicines in the continent over the last few years, which amounted to around 900 million packets of SFM, is a good step in the right direction (7) . In another development, a recent study conducted to determine substandard and falsified antimicrobial medicines' prevalence in faith-based and public healthcare centers of part of Malawi revealed some encouraging findings, because out of the 155 samples investigated, only 1 sample was found to be falsified and 6 were found to be substandard medicines (1) . The drug regulatory agencies in Nigeria, Ghana, Kenya, Rwanda, and a few other countries have intensified their efforts in curbing the menace by employing state of the art detection instruments and increasing public awareness (3, 15, 18) . The recent amendment and passage of falsified related medicines bill in Nigeria into law, which provided tough penalties, such as life imprisonment and expensive fines for SFM offenders, is also a remarkable development (19) . Ziemer (20) , in his correspondence, argued that although there is a need for regulatory authorities of medicines in Africa to be strengthened, important progress is being made (20) . Although these recent developments are highly commendable but the prevailing SFM pandemic signifies that they are grossly inadequate for the attainment of the desired quality of healthcare delivery and for safeguarding the public health in the region.
This review was aimed to update its readers on the latest dangers posed by SFM to the African healthcare sector and to public safety. The magnitude and the actions being taken to address the problem have been extensively discussed.
Definitions
There is lack of consensus on a common definition of what constitutes falsified/counterfeit medicine, as the current definitions vary from one country to another (21) . This disagreement had a negative impact on the efforts to stop the SFM peril in developing countries. According to the WHO, counterfeit medicine is defined as "the one which is deliberately and fraudulently mislabeled with respect to identity and/or source. Counterfeiting can apply to both branded and generic products and counterfeit products may include products with the correct ingredients or with the wrong ingredients, without active ingredients, with an insufficient active ingredient or with fake packaging" (22) . The term "counterfeit" is increasingly being replaced with "falsified" because of the argument for emphasis on intellectual property rights and commercial interests rather than public health and safety (23, 24) . Therefore, we avoid using "counterfeit" in this article because of these concerns.
In a typical expression, falsified medicines were referred to as those medicines that have been fraudulently fabricated and distributed and which failed to meet the quality criterion for that particular medicine (18) . The meaning of other related terms has been defined elsewhere, such as substandard (out of specification), unregistered/unlicensed (25) , degraded, poor quality (18) , and fake medicines (5) . Among these terms, counterfeit, falsified, fake and substandard medicines are used interchangeably (11, 26) , so we grouped them under the umbrella of "substandard and falsified medicines (SFM)," except in some areas where the original source of information specifically referred to a particular term.
The WHO, in its 70 th World Health Assembly, adopted the term "Substandard and Falsified (SF) medical products" to replace the erstwhile term "substandard/spurious/falselylabelled/falsified/counterfeit (SSFFC)" (25) . This is part of its effort to promote a universal understanding of SF, global data comparison and analysis, and to redirect stakeholders to the public health implications of SF rather than debating over intellectual property rights.
Extent of the problem
The clinical effect of substandard and falsified medicines in Africa Falsification of medicines may have a number of clinical consequences ranging from poisoning, drug resistance, treatment failure, the masking of clinical symptoms of ailments, and ultimately death in the worst cases. There are some reported poisoning incidences in Africa, which occurred as a result of the contamination of medicines. In 2008, a tragic incident occurred in Nigeria where many children developed acute kidney injury and later died due to the consumption of a supposed teething problem remedy called "My Pikin," which was contaminated by the inadvertent or deliberate addition of diethylene glycol (DEG) as a solvent in place of propylene glycol (27) (28) (29) . DEG is cheap but lethal, and it looks, smells, and tastes like glycols and glycerine, which are harmless but more expensive (27) . Similar incidences happened earlier where the same DEG was used instead of propylene glycol in South Africa in 1969 and in Nigeria in 1990, which resulted in 7 and 47 deaths, respectively (27) . In another tragic story, a Ghanaian woman developed a serious skin cancer when she consumed SFM that contained a carcinogenic substance (3) .
Consumption of SFM -especially antibiotics, antimalarials, and other antimicrobials -by patients may result in the subtherapeutic blood concentration of such medicines, and that may lead to drug resistance (15, 30) and/or treatment failure (31) . A study of uterotonic medicines in Ghana found that 89% of the analyzed samples were less than the requirements of British Pharmacopoeia for an active pharmaceutical ingredient (API) (32) . Postpartum hemorrhage was the primary cause of 16.8% (33) and 22.5% (34) of maternal deaths in Ghanaian hospitals during the study period (33, 34) . Although the deaths were not directly linked to SFM, but considering the high level of substandard injectable uterotonic medicines (ergometrine and oxytocin) found in a region of Ghana (32) , it may be reasonable to speculate that SFM has contributed to the problem, since it is these medicines that are mainly used for both inducing labor and controlling postpartum hemorrhage in the country.
A team of researchers investigated the quality of metformin tablets in Nigeria and found that half of the popular tablet's products that were sampled failed at least 1 pharmacopoeia test of bioequivalence (5). A similar study, which was conducted to assess the stability of medicines in Rwanda revealed that up to 20% of the medicines sampled was substandard at the time of purchasing them in public and private pharmacies (5) . These are the kinds of medicine hazards that could lead to the deterioration of a patient's condition and to treatment failure. For example, the incidence of recrudescence of seizures and death due to falsified antiepileptic medicines were reported in Guinea-Bissau and Nigeria (35) . In Uganda, an appalling incidence of lethal bacterial meningitis, which is likely due to substandard ceftriaxone, was reported (36) . A patient (an adolescent boy) failed to respond to the treatment and eventually died after being treated according to the Standard Treatment Guideline. As part of the investigation of what possibly caused the treatment failure and eventual death of the patient, an untampered vial of a similar ceftriaxone product that was used to treat the patient was sent for analysis by mass spectrometry at the University of Ottawa, Canada. The result revealed that the product contained only 0.455 g of the API, which was contrary to the claimed 1 g by its manufacturer (36) . This means that a subtherapeutic dose of ceftriaxone had been administered to the patient, if similarly compromised vials of the product were used on him, and this may have contributed to the failure of the treatment (36) . The fact that the report highlighted limitations -some of which arose from resource-poor settings, such as deficiency of reliable diagnostic tools, delayed or inadequate interventions, and an uncertainty as to whether the analyzed vial belonged to the same lot as those used to treat the patient -precluded a 100% causal link to the substandard ceftriaxone. However, the finding that the analyzed ceftriaxone contained less than 50% of the stated API cannot be ignored, because therapy of bacterial meningitis with such a product has a high propensity of causing drug resistance, treatment failure, and/or death. Therefore, substandard or falsified ceftriaxone medicine may be a contributing factor to the problem of treatment failure in bacterial meningitis therapy in Africa (36) .
Findings from a review article, which included 21 surveys of antimalarial medicines from 21 countries in subSaharan Africa, revealed that from the analyzed samples, 35% (796/2297) failed chemical analysis and 20% (79/389) were identified as falsified medicines (37) . Similarly, a survey that was conducted in parts of Africa and Asia to evaluate the level of SFM in 10 faith-based drug supply organizations using a low-cost Global Pharma Health Fund (GPHF) Minilab, revealed that 2.4% (i.e., 21 out of 869) of the tested samples were confirmed to be substandard or falsified medicines (17) . GPHF is a charitable organization assisted by a pharmaceutical company from Germany (Merck KGaA), while its Minilab is a detection technology that is capable of analyzing up to 85 different essential medicines by using thin-layer chromatography (TLC). The GPHF Minilab is a simple detection tool that can be used as a field test kit to identify and estimate the amount of API (17) . The results of the SFM surveillance shows that Cameroon possessed the highest proportion of SFM, followed by the Democratic Republic (D.R.) of Congo, and Nigeria, and that antimalarial medicines have the highest frequency of falsification among the medicines studied (17) . In Malawi, a falsified antimalarial tablet product, which contained a mixture of paracetamol and co-trimoxazole tablets instead of the claimed sulfadoxine/pyrimethamine tablets, was detected by the GPHF Minilab and confirmed by high performance liquid chromatography (HPLC) (33) . The absence of the declared antimalarial agent and the presence of another API (paracetamol and co-trimoxazole), which can mask the feverish symptoms of malaria, represented a potential threat to public health (38) .
The economic effects of substandard and falsified medicines in Africa
Besides the discussed clinical and public health consequence associated with SFM in Africa, SFM also constitutes a substantial economic problem for the patients, the pharmaceutical companies, and the governments in the continent. This economic effect is like a chain reaction, whereby one factor may lead to the other. The SFM may inflict economic burden on: (i) individual patients and their families, by wasting their funds in the purchase of useless, if not harmful, medicines, which, unknown to them, are SFM; (ii) legitimate pharmaceutical companies, by losing huge revenues due to competition for the market with SFM; and (iii) the governments, through the loss of revenue from unpaid taxes and spending money in fighting the SFM menace (3, 5, 21, 39) .
The global market size of falsified medicines has been estimated to reach about US$75 billion annually (6, 39, 40) , which is far less than the estimated 2016 global pharmaceutical market value of US$1,105 billion (41) . This could be a potential opportunity cost attributable to global SFM business. In Africa, the estimates of the United Nations Office on Drugs and Crime (UNODC) for the sales of falsified antimalarial medicines in West Africa alone is US$438 million (12) , which indicated a huge market loss for pharmaceutical companies that manufacture and trade legitimate antimalarial medicines in this region. This amount, which is being lost for antimalarial medicines alone, has exceeded the Gross Domestic Product (GDP) of Guinea-Bissau (42) .
Falsified medicines have caused governments in African countries to lose tax revenues estimated to be worth hundreds of millions of U.S. dollars. The East African countries, which include Tanzania, Burundi, Kenya, Uganda, and Rwanda, have reported unremitted taxes related to falsified medicines and other goods to be more than US$500 million, and the worst scenario is in Tanzania, which is annually losing up to US$617 million as a result of tax evasion associated with falsified products (42) . The overall detrimental effects of SFM in Africa could lead to: (i) loss of revenues by pharmaceutical firms and governments; (ii) poor or no investment from industrialized countries due to fear of losing revenue to counterfeiters; and (iii) job losses.
Inadequate health financing in Africa is another obstacle that has further compounded the healthcare problem in the region. The weaker economy of some African countries, increasing healthcare costs, and the recent economic downturn arising as a result of a crash in the price of crude oil (which was heavily relied upon by some of the African countries such as Nigeria, Angola, D.R. Congo, Sudan, etc.) may have contributed to the acute shortage of funds that prevent adequate financing of healthcare sectors in some African countries. However, lack of commitment by the government of these countries is another key setback, which has further exacerbated poor health financing, as the majority of the countries failed to fulfil the year 2001 adopted Abuja Declaration, which set a target of allocating a minimum of 15% of the annual budget for each member state to its health sector (43) . As of 2011, only Rwanda and South Africa were able to achieve the "at least 15%" target of the Abuja Declaration (43) . Similarly, a report from the WHO revealed that the average total health expenditure for the year 2010 in African countries to be US$135 per capita, which is more than 20 times less than the one spent (i.e., US$3,150) by affluent countries (44) . The majority of African citizens are not covered by a reliable and affordable health insurance scheme. It is reported that household out-of-pocket payments account for 40% or more of the total health expenditure in about half of the African nations, and this may create financial barriers that may block people from accessing health services, and may put them at the risk of impoverishment (44) . To address this problem, there is an urgent need for the African countries to significantly improve the funding of their health systems. Affordable insurance schemes should be provided to enhance access to quality health services by the populace. This may reduce demands for cheaper medicines, which in many cases are SFM.
The social effects of substandard and falsified medicines in Africa
The healthcare systems in the majority of African countries are underdeveloped. SFM further undermine the already weak confidence in all public health institutions as well as the entire healthcare system in many African countries. Victims of SFM are usually unaware they are victims (5); what they often think is that they are not responding well to the treatment. This sometimes creates mistrust in pharmacies, and in the physicians because the patients question the accuracy of their diagnosis. A systematic review suggests that patients in approximately 39 Sub-Saharan African countries and some parts of Asia have a negative impression on their healthcare systems. They are especially doubtful of the staffs' clinical skills and professional competence, and the availability of medicines (45) .
The proliferation and trade of SFM can cause other social troubles such as: (i) encouraging corruption, as many counterfeiters use bribery to persuade corrupt officials responsible for regulating the import and circulation of medicines; (ii) increasing criminal activities, as the business is often conducted by criminal cartels that usually generate huge amounts of money from the sale of falsified medicines and use it to purchase ammunition, cause public disorder, and influence corrupt officials (12, 46) ; and (iii) deteriorating the already weak political infrastructure that permits their continuous circulation (5).
Approaches for combating substandard and falsified medicines in Africa
National approaches: a Nigerian experience
In Nigeria, unregulated open medicine markets have been identified as a major element contributing to the prevalence of SFM. These are markets where medicines are being sold outdoors on the street and in illegal kiosks (47) . The great danger is that they even supply some wholesale and retail pharmacies and some health institutions in the country. In an attempt to curb the menace of SFM, in 2012 (and launched in 2015) the Nigerian government initiated a guideline for National Drug Distribution to change the medicine distribution pattern in the country. Proper implementation of this guideline will ensure that all medicines in circulation are from a known and reliable source. It is also part of the benefits of the National Drug Distribution Guideline to ensure medicines are affordable. This will reduce the demand among the general public for buying medicines from unregulated outlets. Another medicines regulation law of Nigeria called "Counterfeit and Fake Drugs (miscellaneous provisions) Act, Cap 73 of 1990" has prohibited the sale of medicines in an open market without proper permission from the designated authority (48) . The supplementary part of this law, called "Counterfeit and Fake Drugs and Unwholesome Processed Foods (Miscellaneous Provisions) Act of 1999, also contains similar prohibition quoted as "Any person who-(i) hawks or sells; or (ii) displays for the purpose of sale; or (iii) aids or abets any person to hawk, sell, display for the purpose of sale of any drug or poison in any place not duly licensed or registered by the appropriate authority, including any market, kiosk, motor park, road-side stall or in any bus, ferry or any other means of transportation, is guilty of an offence under this Act and shall, accordingly, be punished as specified in this Act" (49) . However, ineffectual enforcement of such laws still allows illicit practices to prevail.
Earlier, in 2010, the National Agency for Food and Drug Administration and Control (NAFDAC) of Nigeria in collaboration with Sproxil® launched NAFDAC Mobile Authentication Service (MAS). It gives the consumer the power to instantly authenticate a medicine free of charge by 3 simple steps: (i) scratching the Sproxil label on the product; (ii) sending the unique personal identification number (PIN) to a short code 38353; and (iii) receiving a response within seconds indicating if the product is genuine or not. This technology was also deployed in Ghana. Other cutting-edge technologies used to curb SFM, especially in the West African region, include TruScan, a handheld Raman spectrometer (Deployed in Nigeria, Ghana, and Sierra Leone), GPHF Minilab (Deployed in Nigeria, Liberia, and Sierra Leone), Black Eye (i.e., infra-red-based detection technology) and Radio Frequency Identification (RFID) both adapted by Nigeria (3). The TruScan RM by Thermo Fisher Scientific is a useful instrument for the analysis of solid dosage forms, such as tablets, capsules, and powders. It is equipped with a laser excitation wavelength of 785 nm, spectral resolution between 8 and 10.5 cm −1 , and Raman shift between 250 and 2,875 cm −1 (50) . However, adapting the TruScan for falsified medicines identification in field settings has been limited due to its cost implication (US$17,000-$50,000 per device) driven by some of its components (31) .
Global approaches by WHO through surveillance and monitoring system
In an effort to fight SFM peril in Africa, the WHO inaugurated a global surveillance and monitoring system in West Africa in July 2013 for what it then called SSFFC, the terminology which was recently replaced with "substandard and falsified medical products" (on May 29, 2017) (25, 51, 52) . This African region surveillance and monitoring system was made based on the experience of a similar one called Rapid Alert System in the Western Pacific Region, which was operational much earlier. From its inception, more than 550 regulatory personnel from 141 collaborated countries were educated on how to operate the system. Since then, 20 global medicine alerts and many regional warnings have been issued, and more than 100 cases have been provided with technical support by WHO as at November 2017 (51). It aims to work in collaboration with the benefiting countries to protect public health in their region by accessing correct data related to SFM and using the data to adequately address issues of medicine falsifications (52) . Ten West African countries were selected for a pilot run of the system in late 2012 to early 2013 after a training workshop that was carried out in the Philippines, and the implementation which began in mid-2013 during the regional workshop conducted in Nigeria. Since then, several other training workshops have been conducted in the region up to this year (2017). Attendees of the workshops are selected from national regulatory authorities and are nominated as the focal point of their respective organizations at the end of the workshop (52) . The system works through a coordinated mechanism whereby the Member States submit reports of either suspected or validated SFM via the system. The report is then automatically uploaded to a secure database of the WHO and processed immediately. The results are then shared with the reporting country within 24 to 72 hours, depending on the nature and extent of the case (52) .
An extension of the global surveillance and monitoring system is the WHO Medical Product Rapid Alert system, which is an innovation developed to facilitate a rapid and accurate response to incidences related to SFM that pose eminent danger to international public health and safety (53) . The WHO Medical Product Rapid Alert system updates the Member States on the presence of potentially hazardous SFM and encourages them to take the necessary measures to protect their supply chains and safeguard their citizens. When an incident that poses a public health risk has happened and has been validated, the WHO immediately issue the alert and allow it to remain on its website for 5 years before archiving. In order to increase the impact of the alert, medical personnel and relevant staff of drug regulatory authorities need to be more aware of its existence and use. The published complete details of WHO Medical Product Rapid Alert system can be found at http://www.who.int/medicines/publications/drugalerts/en (53) . The system has shown that antimalarial and anti-infective medicines seem to be the most common group of medicines falsified in Africa (53) .
Impacting awareness and the utilization of the Medical Product Alert system in Africa can be achieved through proper collaboration between the WHO and Member States' national regulatory agencies, and by creating a direct link on their websites for the WHO Medical Product Alerts. With the current globalization of smartphones, creating a mobile application of these systems by the WHO could maximize its benefits. However, some peculiar challenges, such as an intermittent power supply and poor internet infrastructure, which affect several African countries, may hamper the full benefits of these systems. These limitations may result in the underreporting of SFM incidences in Africa. Nevertheless, measures such as increasing the frequency of workshops for the surveillance and monitoring system, and intensifying enlightenment campaigns may translate the reports into more conspicuous actions. Additionally, improving collaboration by engaging more stakeholders through prompt inter-professional collaboration among the healthcare teams and intersectoral collaboration with other agencies, such as drug regulatory agencies, policymakers, customs and excise, etc., also could be helpful.
Methods and technologies for the detection of substandard and falsified medicines
Swift detection methods are the cornerstone of any successful response to epidemic afflictions. Suitable methods for early diagnosis are indispensable to the national drug regulatory bodies and the global health community in their effort to counter the pandemic of SFM by detecting the medicines before it could penetrate supply chains and reach patients (6) . The rapid advancements in science have yielded immensely sensitive instruments for forensic chemistry that can provide accurate information of a pharmaceutical product. These analytical techniques can give prosecutors sufficient proof to bring the culprits to justice.
Kovacs et al (54) found that there are 42 unique detection technologies that can identify SFM, of which more than half are readily available in the market. A summary of some of these technologies is provided in Table I . Such technologies provide a different level of qualitative and quantitative data for pharmaceutical products. Methods that give qualitative data usually generate information about the medicine's qualities; that is, parameters that show identities, such as color, labelling, or the active ingredient of the medicine. On the other hand, quantitative techniques provide measurable data for the medicine; that is, its content. Qualitative techniques may be more helpful in the swift detection of a less sophisticated SFM, such as the ones with the wrong or no active ingredient, while the quantitative techniques are the most relevant when it comes to the determination of the pharmaceutical product's defects, such as the content of impurities or an unacceptably high or low content of API (5) .
The cost of some of these detection technologies is over US$100,000 per instrument (54) , and this limits the ability of regulatory agencies to acquire them in many less affluent countries, which are also the ones most badly hit by the menace of SFM. Therefore, the availability of cheaper detection instruments for SFM is paramount in countering the SFM pandemic in Africa. Even the poor countries are supposed to afford rapid detection tools in order to be able to identify these bad medicines in their supply chain and at the points of entry into their countries. The advent of a less expensive, hand-held near-infrared spectrometer (NIRS) as a portable device for the detection of quality assured and SFM of artemisinin-based combination therapy (ACT) medicines is important progress (31) . NIRS, which cost only around US$1,000 has shown promising results for the screening of falsified ACTs samples from Equatorial Guinea and Ghana, and it can facilitate cheaper rapid testing at any country's point of entry and in the supply chain (31) . Similarly, the GPHF Minilab is another affordable detection tool that can make a significant impact in the war against SFM in Africa. This detection kit is less expensive, is not sophisticated, does not require extensive training to operate, and has already been employed in testing the quality of medicines in Cameroon, D.R. Congo, Nigeria, Kenya, Uganda, Ghana (17) , Malawi (38) , and some other African, Asian, and Latin American countries.
A good strategy for detecting and confirming SFM during an operation is to use portable devices, such as a handheld NIRS, a Raman spectrometer, or an infrared spectrometer for initial screening, followed by confirmatory forensic tests by more powerful and highly sensitive instruments such as liquid chromatography-mass spectrometry (LC-MS), nuclear magnetic resonance (NMR), etc. (50) . The low-cost portable detection devices, such as NIRS and GPHF Minilab, would be very useful to African countries in the identification of SFM at the point of entry, considering that a large volume of such medicines are being illegally imported from other countries.
Pharmacists' roles in combatting substandard and falsified medicines
Pharmacists have a vital contribution to the fight against SFM. As trained custodians of medicines, they have the pivotal role of controlling the infiltration of such medicines into the supply chain (66) . Pharmacists should purchase their medications only from known and reliable sources. They must also confirm from distributors that the medicines were purchased directly from manufacturers or other reliable sources. They should educate themselves, their co-workers, and the patients about the risks of SFM. They should keep themselves up to date with any SFM alert (e.g., the WHO Medical Produce Alert system). Also, they should educate and caution patients on the dangers of purchasing medications from online or unregistered sources. They should synchronize their training and technology in order to detect SFM. They should physically examine medicines for suspicious appearance and use scanning and other technologies in the pharmacy as part of a medication and prescription verification process. They should ensure the quality control and quality assurance of medicines. They should ultimately collaborate with other stakeholders and report suspicious medicines to the national drug agencies, the distributors, and the legitimate manufacturers (18, 66) . These actions may, in turn, lead to a significant reduction of SFM in the medicines supply chain and prevent patients from ingesting them.
However, pharmacists are just one of the integral professionals in the medicines supply chain, which comprises various other key players, such as the executive arm of governments, policymakers, regulators, health and nonhealth professionals, law enforcement bodies, customs and excise, community health workers, among others. Therefore, for African countries to achieve meaningful success in their Key points  SFM are serious public health risks but are a neglected problem in Africa.  The United Nations Sustainable Development Goals on access to safe, effective, qualitative, and affordable essential medicines may not be achieved in many African countries because of the SFM peril.  The problem of SFM is not limited to the African continent alone but is a global phenomenon that has spread to even highly regulated countries in Europe and America; hence the need for a concerted international effort to counter it decisively.  There has been some progress in the war against SFM in Nigeria, Ghana, Kenya, Rwanda, and a few others, as a result of the increased awareness campaigns, collaboration with the WHO and the use of effective detection techniques.  The high cost of some detection technologies limits regulatory agencies in many African countries to acquire them, consequently lowering their capability of fighting the SFM war. Therefore, the availability of cheaper and effective detection instruments is paramount in countering the SFM pandemic in Africa.  There are some social problems that are indirectly emanating from the proliferation and trade of SFM in Africa, such as corruption, crimes (including violent crime), and the erosion of the political infrastructure.  There is need to improve health financing and to provide affordable insurance schemes in Africa to enhance accessibility to quality health services and to decrease the dependence on household out-of-pocket payments for health expenditure.  African countries must exercise a high level of commitment toward the implementation of the agreed health treaties, such as the Abuja Declaration and must also ensure that their stakeholders are exercising their duties with due diligence and with determination to end the SFM menace.
fight to arrest the SFM menace, all stakeholders must exercise their duties with due diligence and must act vehemently within the provisions of law.
conclusion
Despite some recorded successes, SFM still poses a serious threat to public health and safety in Africa. Many people are disabled or die needlessly, not for being unable to access or afford medication but for being a victim of SFM. No country is completely free of the risk of SFM, including the developed nations with highly regulated drug agencies and sophisticated detection equipment. However, the most susceptible are the middle-and low-income countries, most of which are in Africa. There is an urgent need for the African countries to significantly improve funding for their health systems and provide affordable insurance schemes that will enhance the public's accessibility to quality health services. This may reduce demands for cheaper medicines, which in many cases are SFM.
Advancement in detection technologies has been a turning point in the war against SFM in most African countries. However, there are other strategies that can significantly enhance this war, which include: (i) extensive public enlightenment and awareness campaigns should be extended to consumer education and advocacy through print and electronic media, religious organizations, and health workers' education; (ii) review of existing legislation and regulations for SFM; (iii) strong political will and enforcement of legislation, which will enforce zero tolerance of governments on medicines falsification and impose tough punishment for SFM offenders, such as arrest, prosecution, confiscation of all proceeds from SFM transactions, or the death penalty in the event of loss of life associated with SFM; (iv) determination and commitment for implementing the agreed health treaties, such as the Abuja Declaration; (v) fight corruption vehemently; and (vi) strong inter-and intrainstitutional and governmental collaboration, including relevant regulatory agencies, civil forces (Police, Immigration, Customs, etc.), professional associations, civil societies, and NGOs. Executives, policymakers and all relevant stakeholders in Africa need to consider these strategies for possible implementation in order to provide effective, safe, quality, and affordable medicines to their citizens.
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